procedures have failed [5] . Based on the Dejour classification [7] , trochleoplasty may be indicated for trochlear dysplasia grade B, C and D [5, 19, 21] .
The main goal of trochleoplasty is to restore the lateral bony restraint to normal biomechanical parameters. Due to the nature of this procedure, potentially complications include cartilage damage and an increased risk of early osteoarthritis, as the congruency of the articulating surface of the distal femur is altered [21] . Multiple techniques and specific procedures for trochleoplasty have been described [1, 5, 11, 21, 33] . In contrast to sulcus-deepening trochleoplasty, a procedure in which the central part of the trochlea is deepened [21] , another option is to raise the lateral side of the trochlea through an elevating anterior lateral femoral condyle osteotomy. A primitive version of this technique was described by Albee [1] . Although most review articles mention this technique as a reasonable option [19] , literature regarding the results of this technique is limited [3, 34] . The only two previous reports are of poor methodologic quality and include a limited number of patients. The general perception is that a lateral condyle-elevating trochleoplasty will raise patellofemoral contact pressures and therefore initiate patellofemoral pain and cartilage degeneration [21] . The scientific evidence for this presumption is scarce, only being supported by one biomechanical study by Kuroda et al. [18] , who found raised pressures when the trochlea was elevated 6-10 mm in a cadaver model. We have used this procedure for high-grade trochlear dysplasia and in patients with trochlear dysplasia in which other procedures failed. We have previously published short-term results of this form of trochlear osteotomy in these difficult to treat patients [16] . No residual instability was seen in 17 of 19 knees, and marked improvement in pain and functional scores was found in most patients at a mean followup of 51 months; results were regarded as satisfactory. In order to establish the long-term results of this procedure, these same patients were re-evaluated to investigate the long-term outcomes of this lateral condyle-elevating trochlear osteotomy. This study aims to describe the clinical and radiological results of the largest series of patients to date with this surgical technique at a minimum of 12 years postoperatively with emphasis on (1) the clinical results with regard to functional scores and patellar stability and (2) the occurrence of osteoarthritis. It was hypothesized that both the clinical and radiological results would deteriorate over time.
Materials and methods
In the previous study, the results from 16 consecutive patients (19 knees) were reported [16] . Inclusion criteria were objective patellar instability due to isolated trochlear dysplasia as established on true lateral conventional radiographs, and closed physes. Patients were treated with a stand-alone anterior lateral femoral osteotomy without simultaneous procedures between 1995 and 2002 by the senior author (AK; see "Operative technique" section). All 16 patients (19 knees) were approached to participate in this study. Two patients were unwilling to participate, and one patient could not be contacted and was considered lost to follow-up. As reported in our previous study [16] , one patient had a patellofemoral arthroplasty 3 years after her trochlear osteotomy, at age 46 years, due to progressive osteoarthritis. Grade 2 osteoarthritis on the Iwano scale was seen at time of the trochlear osteotomy and grade 3 when she received the patellofemoral arthroplasty. She underwent a lateral release and medial reefing prior to her trochlear osteotomy. Due to the nature and inherent drawbacks of this procedure, we were unable to compare her results (clinical, radiological and functional scores) with the other patients. Follow-up could therefore be obtained in 12 patients and 15 knees. Fourteen knees were available for physical evaluation, as one patient was unwilling to travel to the clinic. She did, however, complete the scores, and radiographs were performed elsewhere. Data collection was conducted at a single outpatient visit. Medical history since the most recent follow-up and validated questionnaires were obtained including late complications, subsequent surgeries, the number of recurrent dislocations, VAS pain and Lysholm [28] and WOMAC knee scores. The Kujala [17] score was not previously recorded, but was noted at final follow-up to allow comparison of our study results with those of other studies.
Physical examination of the knee was performed. In patients who had undergone bilateral surgery, each knee was evaluated separately. The function and stability of the knee were examined using tests for maltracking and instability, including the apprehension test and the Rabot and J-signs. Conventional radiographs were taken in an AP, true lateral [15] and 30° patella skyline view. Osteoarthritis was graded using the Kellgren-Lawrence (K-L) scale [14] in the medial and lateral compartments of the tibiofemoral joint and using the Iwano scale [12] for the patellofemoral joint. The median follow-up was 13.6 years (range 11.9-19.0 years). Median age at follow-up was 38.1 years (range 28.9-47.1 years). Three males (four knees) and nine females (11 knees) participated. Seven knees had undergone realignment procedures of different kinds prior to trochlear osteotomy. These included two Roux-Goldthwait procedures, two tibial tubercle transfers, one medial reefing and lateral release, one combined tibial tubercle transfer and medial reefing, and one knee was treated with a medial reefing, lateral release and subsequently a varus-inducing osteotomy. An arthroscopy alone was performed in one knee, and seven knees had not undergone any previous surgeries. None of the patients had undergone a previous MPFL reconstruction, as it was not an often-performed procedure at that time.
After trochlear osteotomy, one patient underwent multiple surgeries (including an MPFL reconstruction), one patient had a tibial tubercle distalisation, and one patient had a tibial tubercle distalisation and medialisation 2 months post-operatively (all patients unilateral), due to persistent instability. None of the patients who underwent additional procedures post-trochlear osteotomy had subsequent persisting instability. Twelve knees (nine patients) did not undergo any further surgeries.
Where possible, results were compared to the pre-operative values and the results at the 2-year follow-up.
Operative technique [16]
After skin incision, a lateral parapatellar incision was made and extended distally along the lateral femoral condyle. To visualize the osteotomy, two Kirschner wires were placed in the direction of the osteotomy until visible through the cartilage (halfway between the medial and lateral femoral facet). A curved incomplete osteotomy with small osteotomes from the beginning of the trochlea proximally to the subchondral bone of the sulcus terminalis distally was performed. The lateral articular surface of the trochlea was levered 6-8 mm, and the osteotomy was secured with a wedge-shaped autograft taken from the ipsilateral iliac crest (Fig. 1) . Fixation of the osteotomy with osteosynthesis material was not necessary. The synovium was closed over the previously performed osteotomy; the lateral retinaculum was left open (i.e. a lateral release). This was done in order to avoid over-tightening the lateral structures after the lateral condyle was raised. Post-operatively, patients were placed on a continuous passive motion device (CPM) to stimulate a passive range of motion until knee flexion was at least 60°. Patients were advised partial weight bearing without flexion limitation for the first 6 weeks post-operatively.
Ethical approval
The study received ethical approval from the regional institutional review board (IRB) Arnhem-Nijmegen (IRB registration number: NL48316.091.14), and all participants provided informed consent.
Statistical analysis
Data analysis was performed using SPSS version 20.0 (IBM SPSS Statistics for Windows, IBM Corp., Armonk, NY, USA). A repeated-measures ANOVA was performed to test for repeated measures (pre-operative, 2-year and final follow-up) of VAS pain, Lysholm and WOMAC scores. Correction for multiple comparisons was done using the Fisher's least significant difference test. Spearman's correlation coefficient was calculated between the grades of osteoarthritis of the patellofemoral joint and the medial and lateral tibiofemoral joint and the VAS pain, WOMAC, Kujala and Lysholm scores. For all datasets, differences with p values <0.05 were considered statistically significant.
Results
The median values for VAS pain, Kujala, Lysholm and WOMAC scores pre-operatively, at 2-year and at final follow-up are depicted in Table 1 . All scores showed an improvement from pre-operative to 2-year follow-up, and no significant deterioration was seen from 2-year to final follow-up.
Post-operatively, a subjective feeling of patellar instability was reported continuously or at light exertion in six knees (five patients), from which objective patellar dislocations were reported in four knees (four patients; Table 2 ). This rate of patellar instability is higher than reported at the 2-year follow-up, at which time only two patellar dislocations had occurred, both within the first post-operative months. No knees showed swelling or effusion on physical examination. All knees had a full range of motion. A positive apprehension test for patellar dislocation was present in three of 14 knees, a positive J-sign in seven of 14 and the Rabot sign was positive in 12 of 14 knees (Table 3) .
Radiological evaluation of osteoarthritis in the patellofemoral compartment according to the Iwano classification [12] (Fig. 2) is shown in Table 4 . According to Fig. 1 Lateral condyle-elevating trochlear osteotomy. The osteotomy extends from the beginning of the trochlea proximal and extends to the sulcus terminalis distal. It is secured by a bonegraft from the iliac crest the K-L scale [14] , assessment of osteoarthritis in the medial tibiofemoral compartment showed no osteoarthritis in seven of 15 knees (46.7%) and grade 1 in 8 of 15 knees (53.4%). On the lateral side, no osteoarthritis was seen in seven, grade 1 in seven and grade 2 in one of 15 knees (46.7, 46.7, and 6.7%, respectively). We observed an increase in radiological osteoarthritis in all three compartments when compared to pre-operative values; however, this was limited to the lower grades using both the Iwano and K-L classifications. In addition to these 15 knees, one patient (one knee) was converted to a patellofemoral arthroplasty due to progressive osteoarthritis and pain 3 years after her trochlear osteotomy. No correlation between VAS pain, Lysholm, WOMAC or Kujala scores and either patellofemoral or tibiofemoral osteoarthritis could be identified (n.s.).
Discussion
The most relevant finding in the present study is that the clinical results of this lateral condyle-elevating osteotomy do not significantly deteriorate over time. Patellofemoral osteoarthritis was generally confined to the lower grades on the Iwano scale. However, a high percentage of patients reported residual patellofemoral instability, with objective signs and subjective symptoms of instability requiring additional surgery. We conclude that this procedure has acceptable clinical results and does not lead to rapidly progressive osteoarthritis. It therefore has a place in the treatment arsenal for patellofemoral instability; however, it should not be performed as a stand-alone procedure since it is insufficient in guaranteeing patellar stability. This is the largest study to date reporting the results of this type of osteotomy and contains the longest follow-up period. Only two previous studies of poor methodologic quality have been published on the results of this type of osteotomy. In 2003, Badhe et al. [3] reported on four patients with a follow-up of just 1 year. They performed a lateral condyle-elevating trochleoplasty in combination with an osteotomy of the patella and a tibial tuberosity transfer. No instability was found; however, all patients had a loss of flexion and residual patellofemoral pain. In 1997, Weiker and Black [34] reviewed five patients (six knees) with an average follow-up of 7 years. All patients had a deficient lateral condyle, and 3.8 previous surgical procedures on average, including two complete patellectomies. They found persistent symptoms in all six knees studied: four during sport activities, one during activities of daily living, and one knee was eventually converted to an arthrodesis. In two of four knees in which radiographic follow-up was available, osteophytes were present. When compared to our study, these results appear inferior both clinically and radiographically. The VAS pain, Lysholm and WOMAC scores in our study all showed improvement from the pre-operative measurement to the final evaluation, and the median Kujala score at final follow-up was 76. Most authors describe the results at short-or mid-term follow-up. In a recent systemic review by Balcarek et al. [4] , the results of a sulcusdeepening trochleoplasty were reviewed. They included six studies with a total of 186 knees, with and without concomitant stabilizing procedures. The mean follow-up was 44 months, and four of six studies had a follow-up period of less than 3 years. The mean post-operative Kujala score ranged from 81.7 to 92.1, and the mean increase in Kujala score was 26.2 points. Few authors have published results after a longer follow-up period [6, 22, 33] . Dejour et al. [6] reported a Kujala score of 81 at a mean followup of 66 months, and Ntagiopoulos et al. [22] published a Kujala score of 87 at a mean of 7-year follow-up, both after a Dejour-type trochleoplasty. Both these studies were incorporated into the systematic review by Balcarek et al. [4] . Von Knoch et al. [33] reported a mean post-operative Kujala score of 95 in 45 knees after a Bereiter trochleoplasty at 8-year follow-up. In these series, the authors described highly variable results: patellofemoral pain postoperatively improved in 22 of 45 knees, but worsened in 15 of 45 knees. Unfortunately, we are unable to report a difference in pre-and post-operative Kujala scores, as this was not pre-operatively recorded; however, it is clear that the mean Kujala scores reported in other studies are higher than those seen in our results.
The reported recurrence of patellar instability in our study (Table 3) is higher than that reported in other studies. Beaufils et al. [5] published an overview of the incidence of recurrent dislocations after trochlear osteotomies and reported a maximum of 10% (two of 20 patients) persistent objective patellar instability in a study by Thaunat et al. [30] and 2% in two other studies [10, 23] . No persistent instability was reported in the other six studies [9, 11, 20, [31] [32] [33] included in their review. These results were confirmed by Balcarek et al. [4] , who found recurrent instability in four of 186 knees (2.1%) in their systematic review. However, most patients in these studies underwent additional procedures during the index procedure, such as an MPFL reconstruction, lateral release, medial reefing or tibial tuberosity transfers. In our study, no additional procedures were performed during the index surgery. Additional realignment procedures were performed in seven of 15 knees prior to surgery and in three knees at a later stage when there was persistent patellar instability. At the latest follow-up, six patients reported symptoms of patellar instability in seven knees, from which four patients reported recurrent patella dislocations in four knees (Table 2) . Given the results of our study and those mentioned above, we recommend that this trochlear osteotomy is not performed as a stand-alone procedure, but that it is combined with a medial soft tissue stabilizing technique such as an MPFL reconstruction. Pre-operatively, we observed no osteoarthritis in 14 of 15 knees; at final follow-up, we observed radiological patellofemoral osteoarthritis Iwano grade 1 or 2 in 12 of 15 knees [12] , and one patient underwent a patellofemoral arthroplasty. This is higher than the occurrence of osteoarthritis after conservative treatment for patellar instability, which has been reported to be 29% (6/21) classified by the Ahlbäck scale at 14-year follow-up [2] . From the few studies with a longer follow-up period, Von Knoch et al. [33] found a similar incidence of degenerative changes in the patellofemoral joint (73%, 24 of 33 knees) at 8-year follow-up after a Bereiter trochleoplasty. On the Iwano scale, they reported grade 1 osteoarthritis in 14 knees, grade 2 in seven, grade 3 in two and grade 4 in one knee. Ntagiopoulos et al. [22] remarkably found no radiological osteoarthritis at a mean of 7-year follow-up after their sulcus-deepening trochleoplasty. In contrast, Rouanet et al. [24] found grade 2 or higher radiological osteoarthritis using the Iwano scale in 20 of 34 knees at 15-year follow-up in their series of a sulcus-deepening trochleoplasty, and seven knees had been converted to a total knee arthroplasty after the same procedure.
General perception of the Albee or lateral condyleelevating procedures is that by raising the lateral condyle, pressures in the patellofemoral joint increase and thus lead to patellofemoral osteoarthritis. This idea is supported by a study by Kuroda et al., who found increased contact pressures in a cadaver model after the lateral trochlea was raised [18] . In contrast, other authors have reported that a larger sulcus angle, i.e. a flatter trochlea, especially in the proximal trochlea, leads to increased cartilage loss [13, 27, 29] . Raising the lateral condyle, and thus restoring the normal inclination of the lateral wall of the trochlea, then acts to preserve the cartilage of the patellofemoral joint instead of leading to an increase in osteoarthritis. Based on our results and the results reported in other studies, it can be concluded that a lateral condyle-elevating trochlear osteotomy leads to an increase in patellofemoral osteoarthritis, but that it does not exceed the degree of osteoarthritis reported in other types of trochleoplasty.
The major strength of this study is its long-term follow-up period and thorough evaluation at the final followup with physical examination and radiographs. Due to the nature of this procedure, it is indicated in relatively few cases of patellar instability. In this study, only 19 knees were included in the original series, of which 15 were available for final follow-up. Therefore, four of 19 knees (21.1%, including one patient who could not be evaluated due to conversion to patellofemoral arthroplasty) were unavailable for follow-up, diminishing the power of the study. Additionally, Kujala scores were not pre-operatively collected, increasing the difficulty of comparing these results to those of other studies, as pre-and postoperative differences could not be determined.
Conclusion
In this study, the development of patellofemoral osteoarthritis after 12-year follow-up was not found to exceed the findings from other trochleoplasty case series. However, it is here concluded that a single lateral condyleelevating trochlear osteotomy leads to a high amount of residual patellofemoral instability when compared to that reported in studies in which trochleoplasty was combined with other realignment procedures. In our opinion, a lateral condyle-elevating trochlear osteotomy has a role in the treatment of patellar instability; however, we recommend not using it as a stand-alone procedure but rather performing a simultaneous medial patellofemoral ligament reconstruction.
